The beet virus Q coat protein readthrough domain is longer than previously reported, with two transmembrane domains Ten beet virus Q (BVQ) strains from six different countries were sequenced to characterize the readthrough (RT) domain of the coat protein (CP). The GenBank/EMBL/DDBJ accession numbers for the sequences reported in this paper are FM244643-FM244652. With three nucleotide additions of 5, 285 and 1 nt, the common RT of 76 kDa was found to be longer than the single reference available to date (35 kDa). It is hypothesized that multiple inoculation cycles on Chenopodium quinoa were responsible for these three deletions in the C-terminal part of the BVQ RNA-2 previously described. Two putative transmembrane domains, TM1 and TM2, were predicted in the consensus amino acid sequence of the ten BVQ strains, and the putative BVQ TM2 was aligned with that of potato mop-top virus.
Beet virus Q (BVQ), first reported as one of the two beet soil-borne virus (BSBV) serotypes (Lesemann et al., 1989; Barbarossa et al., 1992) , has been described as a distinct member of the genus Pomovirus as BSBV, potato mop-top virus (PMTV) and broad bean necrosis virus (BBNV) (Koenig et al., 1998) . Co-isolated with the causal agent of the rhizomania syndrome, beet necrotic yellow vein virus (BNYVV), the role of BSBV and BVQ in the disease remains a matter of debate (Prillwitz & Schlösser, 1992; Kaufmann et al., 1993; Lindsten, 1993; Rush & Heidel, 1995) . However, the almost ubiquitous association of at least one of these viruses in co-infections with BNYVV (Meunier et al., 2003) raises questions about their role in the disease syndrome.
The tripartite genomic organization of the two pomoviruses is almost identical (Koenig et al., 1998) . However, there is a major divergence for RNA-2. The sequence coding for the coat protein readthrough (RT) domain is shorter for BVQ, with two additional ORFs encoding 9 and 18 kDa proteins (p9, p18) (Koenig et al., 1998) (Fig. 1a) . It has been hypothesized that this special genomic organization of BVQ RNA-2 might have resulted from deletion events from an original sequence comprising a longer RT protein, similar to that of BSBV (Koenig et al., 1998) . This hypothesis was challenged by the systematic partial sequencing of RNA-2 for ten BVQ sources, where genomic RNAs were purified as described by Meunier et al. (2003) . Soils producing rhizomania symptoms were collected in Belgium (Beclers, Mazy, Seneffe, Silly, Walviert), France (Pithiviers), Germany (Langendorf), Hungary (Tompaladony), Spain (Ciudad Real) and The Netherlands (Kamperland). RNA extracts containing BVQ particles were identified using multiplex RT-PCR (Meunier et al., 2003) . These extracts were then selected to amplify the BVQ RNA-2 region included between the coat protein stop codon and the RNA-2 39 extremity using RT-PCR with Expand Reverse Transcriptase (Roche) and Expand Long Template PCR System (Roche). The ten amplified fragments were purified from the electrophoresis gel with a QIAquick Gel Extraction kit (Qiagen) and subsequently sequenced with four pairs of primers, forward and reverse. Sequencing was performed in a DNA sequencer ABI PRISM 3100 Genetic Analyzer (Applied Biosystems) and consensus sequences were obtained with ContigExpress and Vector NTI version 7.1 software (Invitrogen).
The sequencing results revealed a different arrangement for the coat protein RT domain of BVQ from the one described previously (Fig. 1a) (Koenig et al., 1998) . The sequenced RT was longer, with 291 nt within three distinct nucleotide additions, I1, I2 and I3, being responsible for this rearrangement (Fig. 1a) . Five additional nucleotides were located at positions 864-868, almost 100 bp before the putative 35 kDa coat protein RT domain stop codon (975-977) (Fig. 1a, addition I1) . A supplementary 285 nt were present at positions 1223-1507, that is, in the stop codon of the putative p9 coding sequence (Fig. 1a, addition  I2 ). Finally, a single-nucleotide addition was noted at position 2043 (Fig. 1a, addition I3 ).
These three genetic modifications in the nucleotide sequence of BVQ RNA-2 induced major changes in the coding sequence length and amino acid composition of the coat protein RT domain ( Fig. 1a and b) . Indeed, nucleotide additions I1 and I2 suppressed putative 35 kDa RT and p9 stop codons, respectively, whereas the I3 moves the final stop codon from position 2105-2107 to 2098-2100. Reading frames between the I1 site and the beginning of the putative p9 sequence, and the I3 site and the final stop codon are moved by +1 and +2 nt, respectively. The expected molecular mass of the putative coat protein RT domain common for the ten sequenced BVQ strains is therefore 76 kDa instead of 35 kDa. This longer RT integrates the full amino acid sequence of the putative p9 but, because of the I1 and I3 nucleotide additions, the Cterminal extremities of amino acid sequences suggested for putative 35 kDa RT and p18 are modified (Fig. 1b) The nucleotide and amino acid changes between all ten BVQ strains sequenced for the RT domain of the coat protein are listed and positioned (Tables 1 and 2 ). For a total length of 2097 nt and 699 aa, the ten BVQ strains had an identity of 99.05-100 % at the nucleotide level and 98.71-100 % at the amino acid level. This extremely low variability of the BVQ genome had been reported for other strains sequenced for the coat protein gene (Stas et al., 2001; Lennefors et al., 2005) .
Three domains A, B and C are reported to be conserved between the RT domains of the three pomoviruses PMTV, BVQ and BSBV. A fourth one, M, is conserved only by the latter two (Koenig et al., 1998) . Despite the major rearrangement observed for the RT domain of the ten BVQ strains, these motifs were localized on the putative 76 kDa RT (Fig. 1b) . Three varying amino acids were localized in domain B and only one in each domain A and C. Domain M was free of any amino acid mutation. The minimal variability within these four motifs A, B, M and C between the ten BVQ strains confirmed their importance for the virus.
A single transmembrane motif (TM1) is identified in the BVQ coat protein 35 kDa RT domain (Adams et al., 2001) . However, two complementary transmembrane domains, TM1 and TM2, are of crucial importance for the viral transmission by protist vectors such as Polymyxa and 
*Origin of each strain with its corresponding accession number. D+1 position begins at the first nucleotide after UAG readthrough codon.
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Spongospora (Diao et al., 1999; Adams et al., 2001) . In this context, the identification of a new RT domain for the BVQ coat protein also provided new material for bioinformatic analysis. Predictions of transmembrane motifs with the consensus peptidic sequence of the RT domain were carried out using programs HMMTOP (Tusnády & Simon, 1998) , TMHMM (Krogh et al., 2001) , TMPred (Hofmann & Stoffel, 1993) and TopPred (von Heijne, 1992) . The results were correlated with the capacity of predicted motifs to form a-helices, which were proposed by GOR (Garnier et al., 1996) , Jpred (Cole et al., 2008) , PSIpred (Jones, 1999) and SOPMA (Geourjon & Deléage, 1995) analysis.
Two motifs appeared to form transmembrane helices, TMa and TMb (Fig. 1b and c) . The first one corresponded to the TM1 already predicted for the shorter putative BVQ 35 kDa RT (Adams et al., 2001) and was located at the Nterminal extremity of conserved domain B. The second transmembrane domain was specific to the putative 76 kDa RT domain and positioned on both the p9 peptidic motif C-terminal part and the N-terminal extremity of the peptidic sequence coded by the I2 addition (Fig. 1b) . It is also important to note that, although BVQ TMa can be aligned on the TM1 of BSBV and PMTV, TMb was aligned only on TM2 proposed for PMTV (Fig. 1c) (Adams et al., 2001) .
Two amino acid residues from predicted TMa and TMb are also highlighted in Fig. 1(c) . One is an aspartate (D) residue located at the TMb N-terminal extremity, whereas the other is a lysine (K) residue situated at the C-terminal extremity of predicted TMa. As suggested for some benyviruses, furoviruses and pomoviruses (Adams et al., 2001) , the electrostatic interaction between these basic (K) and acidic (D) residues at the inner side of the membrane is necessary for an efficient viral transmission by the protist vector. In that way, the D residue corresponds to the E residue from the KTER motif, described as essential for the transmission of BNYVV by Polymyxa betae (Tamada et al., 1996) . It is also worth noting that no amino acid changes were observed for these two motifs among all ten sequenced BVQ strains originating from six countries.
The sequencing of ten BVQ strains from Belgium, France, Germany, Hungary, Spain and The Netherlands seems to lift the veil on the genomic organization of RNA-2. Indeed, the shortness of a putative coat protein 35 kDa RT domain that allowed space for two small putative ORFs p9 and p18 was quite a striking arrangement for the RNA-2 of BVQ described to date, compared with other closely related viruses such as BSBV, PMTV and BNYVV. When first described, it had been already proposed that such a genomic arrangement might have resulted from deletion events in a longer sequence that originally resembled that of BSBV (Koenig et al., 1998) . This hypothesis is now confirmed with the identification of the common longer putative 76 kDa RT domain. Spontaneous deletions in the coat protein RT domain have been reported for other furoviruses sensu lato (Tamada & Kusume, 1991; Chen et al., 1994; Tamada et al., 1996; Reavy et al., 1998) that, when mechanically inoculated in a repeated way, show some deletion events in the C-terminal part of the RT domain. Therefore, as the BVQ strain described in 1998 had been submitted to multiple mechanic inoculation cycles on Chenopodium quinoa, it can be assumed that three deletion events of 5, 285 and 1 nt occurred in genomic RNA-2. This triple deletion in the coat protein RT domain is, however, specific to BVQ, compared with BNYVV, PMTV and soilborne wheat mosaic virus (SBWMV) where only singledeletion events have been reported (Tamada & Kusume, 1991; Chen et al., 1994; Tamada et al., 1996; Reavy et al., 1998) . 
*Origin of each strain with its corresponding accession number. D+1 position begins at the first amino acid after the readthrough.
BVQ CP-RT longer than previously reported
Although the RT domain of the coat protein was truncated in the originally sequenced BVQ strain, it affected neither viral replication in C. quinoa nor formation of viral particles, as those were purified from plants and used to produce antibodies (Koenig et al., 1998) . The deleted parts from the longer RT domain are therefore not required for viral encapsidation.
The lack of predicted TM2 for the putative 35 kDa RT raised some questions about the transmissibility of the virus by its plasmodiophorid vector. Indeed, it is suggested that the interaction between TM1 and TM2 is of crucial importance in facilitating the internalization of viral particles by the protist vector inside plant cells (Adams et al., 2001) . Therefore, the identification of two transmembrane helices TMa and TMb in the BVQ putative 76 kDa RT domain, corresponding to TM1 and TM2, respectively, clarifies the BVQ situation in terms of transmissibility.
